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KENTUCKY WATER AWARENESS MONTH PACKET 
  
Ashley R Osborne 
University of Kentucky Cooperative Extension Service 
ENRI Task Force 
N122 Ag Science North 
Lexington, KY 40546-0091 
P: 859-257-2505 
E: ashley.osborne@uky.edu 
www.ca.uky.edu/enri 
  
  
Kentucky Water Awareness Month is an educational program of the University of 
Kentucky Cooperative Extension Service, Environmental and Natural Resource Issues 
Task Force. The program promotes overall water awareness for the citizens of 
Kentucky. Program materials are developed each year by a committee at the state level, 
and distributed to each of the 120 county Extension offices in the state. Individual 
county staffs are encouraged to tailor the program to fit their county's needs, and use the 
materials to enhance their program efforts. If you would like to receive an electronic 
copy of the Kentucky Water Awareness Month Packet please contact Ashley Osborne at 
ashley.osborne@uky.edu.  
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RECENT ENHANCEMENTS TO THE 
KENTUCKY GROUNDWATER-QUALITY DATA SEARCH ENGINE 
 
Bart Davidson and R. Stephen Fisher 
Kentucky Geological Survey 
228 MMRB 
University of Kentucky 
Lexington, KY 40506-0107 
859-257-5500 
bdavidson@uky.edu, sfisher@uky.edu 
In 2007, the Kentucky Geological Survey introduced a new online interactive search 
engine for Kentucky groundwater-quality data. Users can select one or more        
parameters of interest, view search results, and download the data for use in spread 
sheets or GIS software packages.  A new feature allows the user to graphically 
compare concentrations between physiographic regions or major river watersheds.  
The source of these data is the Kentucky Groundwater Data Repository, maintained 
by KGS. Thirty-eight parameters in five major categories (water properties, volatile 
organic compounds, nutrients, pesticides, and inorganic solutes) can be searched 
either as a group or individually.  Each analyte has associated text files with descrip-
tive information about the substance, possible health hazards, and EPA drinking-
water standards.  There are several search regions, including the entire state, one or 
more counties, or one or more 7.5-minute quadrangles, or a radius search can be 
made, in which the user specifies both the location and radius of the search.  
This presentation will review procedures for searching, downloading, and display-
ing groundwater-quality data. Data searches can be formatted to include all sample 
data for every location for which records are available, or as a summary report that 
provides the median, maximum, and most recent result values. The number of sam-
ples below detection is also included in the summary report.  Search results can be 
sorted by sampling date or by a range of dates.  The groundwater-quality search en-
gine can be accessed online at  
kgsweb.uky.edu/DataSearching/Water/WaterQualSearch.asp. 
Statistical plots for groundwater data can be generated for any analyte at  
kgsmap.uky.edu/website/KGSWaterPlot/WaterQualityPlot.asp  (Fig. 1). 
For more information on groundwater-quality or water-well data, contact the Survey 
at 859-257-5500 x162 or 158. 
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Figure 1. Layout of new groundwater-quality data plotting page. 
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DIATOM COLONIZATION PATTERNS AND CARBON STABLE ISOTOPIC 
RATIOS IN DEVELOPING PERIPHYTON AT SPRINGS OF DIFFERING 
GEOLOGIC ORIGIN IN LAND-BETWEEN-THE-LAKES (LBL) 
 
Courtney Snapp and Susan Hendricks 
Water Sciences Program, Murray State University 
561 Emma Drive, Murray, KY, 42071 
(270) 474-2272, courtney.snapp@murraystate.edu 
 
Previous studies have shown that physicochemical factors and nutrient 
concentrations of freshwater springs are influenced by the underlying geology and may 
influence species composition of periphyton colonizing stream substrates.  The purpose 
of this study was to examine diatom assemblage composition, water chemistry, and 
changes in diatom community characteristics over time in four springs of different 
geological origins from November 2006 and July 2007.  Changes in 13C composition of 
periphyton were examined over two seasons (every two weeks during spring and summer 
of 2007).  Periphyton biomass was determined from ash-free dry mass and chlorophyll a 
measurements.   
Using unglazed quarry tiles as artificial substrate, we found significant differences 
in diatom species composition in the different springs over time.  Planothidium 
lanceolata and Cocconeis placentula were the dominant species in the carbonate streams 
with limestone geology (Mint and Panther springs) in the south of LBL; these taxa have 
been classified as calciphilous with a high optimal conductivity (107−481 µS cm –1).  
Eunotia intermedia, Achnanthidium minutissimum and Fragilariforma virescens were 
most abundant in the streams with siliceous and argillaceous geology (Barnett and Brown 
springs) in the north of LBL; these taxa have been classified as acidophilous diatoms with 
low optimal conductivities (48−163 µS cm –1).  Average conductivity in the southern, 
calciphilous springs was 5X that of the northern, siliceous/argillaceous springs.  Further, 
concentrations of SRP, SiO2, Cl, and pH were significantly higher in the southern 
springs, while NO3+NO2 and SO4 were significantly higher in the northern springs.  
Changes in 13C composition of periphyton biomass over time were examined over 
two seasons (every two weeks during spring and summer) in 2007 as periphyton biomass 
accrued on the substrata.   Hill and Middleton (2006) found that periphyton δ13C is 
correlated positively with the development of periphyton biomass over time.  However, 
the results of this study showed that as periphyton biomass increased over time, δ13C 
became more negative  (Fig. 1) at all sites, suggesting 1) some degree of internal C 
cycling during the course of periphyton community development, or 2) that the source of 
CO2 to periphyton originated from CH4 formed in groundwater prior to emergence in the 
springs.  Future studies will require examination of δ13C in the spring water to determine 
the source of carbon being assimilated by the periphyton. 
 
Literature cited: 
Hill, W. and G. Middleton. 2006. Changes in carbon stable isotope ratios during     
periphyton development. Limnology and Oceanography 51(5):2360-2369. 
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This research was funded in part by a grant from the USGS/KWRRI and by the Water 
Sciences Program, Center for Reservoir Research, Murray State University, Murray, KY. 
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Figure 1. Chl a concentrations (solid line) and δ13C isotopic composition 
(dotted line) in spring 2007.  As periphyton biomass (Chl a) increased over 
time, the δ13C became more negative. 
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SEASONAL CHANGES IN STRATIFICATION AND OXYGEN CONTENT OF A 
EUTROPHIC LAKE, WILGREEN LAKE, MADISON COUNTY, KENTUCKY 
 
Jill Hunter and Walter S. Borowski 
Department of Geography and Geology 
Eastern Kentucky University 
Richmond, Kentucky 40475 
jill_hunter19@eku.edu; w.borowski@eku.edu 
 
 
Wilgreen Lake (Madison County, Kentucky) is listed by the Environmental 
Protection Agency as nutrient-impaired. The over abundance of nutrients is likely linked 
to the land-use practices in this area. Cattle pasture, residential developments served by 
septic systems, and urban/industrial areas lie in the lake’s watershed. We have studied the 
lake for two years to characterize its physical and chemical characteristics, and to identify 
nutrient sources.  
 
The 2007 field season began in March and continued through October. We 
measured temperature and oxygen levels along with other parameters at 1-meter depth 
intervals at 19 stations distributed along the length of the lake and within its tributaries. 
Oxygen and temperature values were plotted on lake cross sections to show seasonal 
changes from March to October. The lake was essentially unstratified in March but was 
stratified by April. Stratification persisted to the end of the field season in October. The 
thermocline set up between 3 and 4 meters for the duration of summer with little 
variation. Peak anoxia occurred in July with anoxic waters spanning about 6 meters to 
bottom; disoxic waters (up to 2 mL/L oxygen) occurred from the thermocline downward 
to the anoxic boundary. 
 
Wilgreen Lake is a typical eutrophic lake. Heating in the spring leads to 
stratification. Phytoplankton growth in the lake’s upper layers yields organic matter to the 
lake’s lower layer and sediments. Here oxygen demand created by decomposition in both 
the water column and sediments of the lake causes disoxia and anoxia. Over the past two 
field seasons we have seen no increase in the amount of anoxic or disoxic waters. One of 
our aims in measuring the temperature and oxygenation of the lake so thoroughly is to 
detect any changes in the future. Continued nutrient loading may alter the characteristics 
of the lake and our study offers an effective comparison point.  
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WATER PIONEERS WATER QUALITY PROGRAM 2007 
 
 
Stephanie Jenkins 
University of Kentucky  
233 Mining and Mineral Resources Building 
Lexington, KY 40506 
257-1299 
Swjenk2@uky.edu 
 
 
In 1991, the University of Kentucky, Board of Trustees approved a plan that set aside 
coal royalties from a 5,000-acre section of the Robinson Forest to support economic 
development efforts.  In 1996, the Board allocated a significant portion of those funds to 
provide scholarships to students in 29 eastern Kentucky counties with historically low 
rates of college attendance. The Robinson Scholars Program serves first generation 
college-bound and college students who have demonstrated the potential to succeed but 
who might encounter economic, cultural, or institutional impediments to their completion 
of four-year college degrees.  Not only does the Scholars Program aim to provide 
opportunities for these students, but through a collateral effect, the Program also seeks to 
increase the college-going rates in their communities. 
Upon successful completion of high school, Scholars who have fully participated in 
program activities receive annual scholarships.  At the college level, Scholars must 
maintain an acceptable academic record and fully participate in programming. If Scholars 
meet program requirements, their awards are renewable for up to four years of 
undergraduate study at the University of Kentucky or up to two years at a KCTCS 
institution with the remainder at UK.    
The Water Pioneers Water Quality Initiative is a program for rising high school 
sophomores in the Robinson Scholars Program at the University of Kentucky.  First, 
students participate in an in-depth study of an Appalachian watershed during a week-long 
summer program.  Students then take this knowledge and partner with educators, 
volunteers, and other interested local groups to increase awareness of Best Management 
Practices for water quality in their respective counties through a community 
service/outreach project of their own design.     
  
 
During the summer program, students were introduced to watershed concepts and 
discovered how people impact a watershed.  Robinson Scholars developed ideas, 
communicated their knowledge, and compared and contrasted watersheds in the area.  
The students’ hands-on activities included stream sampling, tree and insect identification, 
cave exploration, watershed management, sustainability analysis, team building, 
leadership study, and reflective writing. 
 
The conclusion of the program required that Scholars partner with local groups, 
educators, and volunteers to create a community project to addresses water quality 
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problems in their community.  As future University of Kentucky students, the Scholars 
will ensure high visibility for their projects within their communities.  The Scholars must 
present the projects and findings at a culminating event or local summit with parents, 
local officials, decision makers, school administrators, teachers, Division of Water 
employees, and others.    
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IMPACTS OF DISTURBANCE ON STREAMFLOW AND SEDIMENT YIELD IN 
THE LICKING RIVER BASIN 
 
 
Principal Investigator: 
Dr. Christine McMichael 
Institute for Regional Analysis and Public Policy 
Morehead State University 
110F Combs Building 
Morehead, KY   40351 
Phone: 606.783.5442 
E-mail: c.mcmichael@moreheadstate.edu 
 
Co-Principal Investigator: 
Grant York 
247 Hillside Drive 
Greenup, Kentucky  41144 
Phone: 606.923.3909 
E-mail: gcyork01@moreheadstate.edu 
 
 
Natural and human-induced disturbances have been shown to modify streamflow and 
sedimentation regimes in forested watersheds.  These issues are particularly problematic 
in forested mountain watersheds, e.g., in eastern Kentucky, where flash flooding is a 
persistent danger and natural and human-induced land cover/land use changes (e.g., due 
to storms or timber harvesting) on steep slopes often increase sediment input to streams.   
 
The catastrophic ice storm that occurred in central and eastern Kentucky in mid-
February, 2003 lasted over 30 hours, nearly five times the average storm length.  Up to 
two inches of ice was deposited on tree limbs across the region, damaging tree stems and 
branches and uprooting some trees completely.  A plan for removing severely damaged 
trees from portions of the Daniel Boone National Forest (DBNF) has received final 
approval, and it is anticipated that commercial logging operations will commence in the 
near future (lasting up to six years).  The goal of this study was to begin developing an 
understanding of the impacts of the 2003 ice storm on streamflow and sediment yield in 
forested sub-basins of the Licking River Basin within the DBNF near Morehead, 
Kentucky – an area which experienced particularly heavy ice storm damage.   
 
A paired-basin approach is being utilized to study the effects of the ice storm on 
streamflow and sediment yield for a ‘disturbed’ sub-basin (i.e., one that experienced 
severe ice storm damage and will eventually undergo logging) compared with an 
‘undisturbed’ sub-basin.  The undisturbed, or control, sub-basin was selected to: a) 
contain minimal development (roads, buildings, etc.) or prior disturbance and b) comprise 
similar vegetation, morphologic, geologic and climatic characteristics as the disturbed, or 
treatment, sub-basin.  Selection of the control sub-basin was made using a combination of 
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local expertise and an analysis of relevant digital spatial data layers (e.g., a digital 
elevation model, soil type, land cover/use, geology, and climate) within a Geographic 
Information Systems (GIS) database.  Field sampling equipment (including Hydrolab 
multi-parameter water quality instruments and ISCO Autosamplers) was set up and 
maintained over the study period at the outlet of each sub-basin.  Streamflow and 
sediment measurements are being used to help understand the effects of the ice storm on 
flow and sediment yields, and to establish pre-logging baseline conditions in these sub-
basins as a first step towards monitoring the impacts of future logging activities.  
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LANDSCAPE INDICATORS FOR WATERSHED CATEGORIZATION 
 
 
Brian D. Lee and Collin D. Linebach 
Department of Landscape Architecture 
College of Agriculture 
University of Kentucky 
S305 Agriculture Science North 
1100 Nicholasville Road 
Lexington, Kentucky 40546-0091 
(859) 257-7205 blee@uky.edu 
 
 
Environmental planning based on watershed boundaries rather than political 
boundaries is increasingly advocated to address water pollution. Effective watershed 
assessment processes are needed that classify watersheds according to ecological 
landscape scale characteristics. This poster explores the opportunities and constraints of 
an ongoing descriptive pilot categorization approach for watersheds near Lexington-
Fayette County, Kentucky. Using a semi-automated process through ModelBuilder of 
ArcGIS and publicly available data from the Kentucky Geography Network, more than a 
dozen landscape indicators are comparatively assessed by Hydrologic Unit Code (HUC) 
14 watersheds within minutes. Example indicators include proportion and spatial 
configuration measures of human population, imperviousness, and agriculture/forest 
cover characteristics. Watersheds are ranked by the values for each indicator, from 
highest to lowest, and then divided into five groups (quintile). Thus, watersheds can be 
visualized geographically with a color ramp indicating conditions for each indicator. A 
quantitative matrix can be made to allow for comparisons by indicator across the study 
area. The analysis provides a guide to relative watershed health both in relation to a 
specific indicator and amongst all indicators. This enables indicator recombination as 
needed for particular issues under consideration by planners, policy makers and interested 
stakeholders for more informed watershed scale land use decision-making. These 
landscape indicators are expected to lead to a better understanding of watershed 
categorization through future cluster analysis. 
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TRACE METALS AND ANTIBIOTIC RESISTANT BACTERIA 
IN THE OHIO RIVER 
 
 
Rebecca Evans-Kelley and Alicia K. Sullivan 
Northern Kentucky University 
Department of Biological Sciences 
1 Nunn Drive, SC 347 
Highland Heights, KY 41099 
 
 
 Ohio River Run is an annual collaborative effort among Marshall University, 
Thomas More College, University of Cincinnati, and Northern Kentucky University. 
Marshall University researchers studied antibiotic resistant signatures of E. coli and total 
coliforms in the Ohio River basin but concluded that the occurrence of antibiotic resistant 
bacteria has no obvious pattern specific to either human or domestic livestock origin. 
Some research suggests that trace metals from such sources as industrial effluents can 
influence antibiotic resistance and make identifying sources of fecal contamination 
difficult. Industrial effluents are released to the Ohio River near major cities such as 
Pittsburgh, Cincinnati and Louisville. To better understand the impact of industrial land 
use on antibiotic resistant bacteria in the Ohio River we analyzed water samples collected 
every 25 miles along the mainstem and in navigable tributaries for Al, Cd, Cr, Cu, Ni, Zn 
and Se using a graphite furnace. 
 
 Cd and Cr concentrations were non-detectable whereas Zn concentrations were 
too high for accurate analysis with the graphite furnace. Al, Cu, Ni, and Se concentrations 
were compared with antibiotic resistant coliform data. The highest concentrations of 
these metals occurred most often in tributaries near industrial areas and became more 
dilute in the mainstem. These results indicate that trace metals in the Ohio River are 
influencing antibiotic resistance. We suggest further studies that include bacteria cultures 
to select for and identify trace metal resistance in order to clarify the impact of trace 
metals on antibiotic resistance in the Ohio River. 
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LABORATORY FLUME TO STUDY SEDIMENT TRANSPORT IN WATERSHEDS 
 
Sruti Pulugurtha 
Research Associate 
Department of Civil Engineering 
University of Kentucky 
161 O. H. Raymond Bldg. 
Lexington, KY 40506-0281 
Phone: (859) 257-4093 
Email: spulu2@engr.uky.edu 
 
Jimmy Fox 
Assistant Professor 
Department of Civil Engineering 
University of Kentucky 
161 O. H. Raymond Bldg. 
Lexington, KY 40506-0281 
Phone: (859) 257-8668 
Email: jffox@engr.uky.edu 
 
It is of vital importance to understand the dynamics of sediment transport in watersheds for the 
health of aquatic habitats and riparian plants and pollutant fate in-stream.  Sediment phenomenon 
is complex and transient in nature based on the watershed terrains, seasonal conditions, in-stream 
turbulence, and the heterogeneous distribution of vegetation.  Due to this complexity, both field 
and laboratory research are needed to investigate sediment transport in watersheds.  In the field, 
state-of-the-art sensing equipment and sediment tracers are needed to monitor sediment 
transport.  In the laboratory, research requires that experiments are conducted in a controlled 
setting that allows study of individual processes in isolation as well as the interaction of two or 
more processes.  Also in the laboratory, it is possible to perform physical modeling of restoration 
technologies that work to control sediment transport in a watershed.     
 
We are currently developing a laboratory flume for study of sediment transport in watersheds.  In 
this oral presentation, we present the design of our flume which has the following specific 
objectives: (1) To calibrate new environmental sensors and sediment tracers for application in 
field-based research; (2) To investigate fine sediment processes associated with sediment 
detachment mechanisms from streambank and streambed sources and sediment shearing in-
stream during transport; and (3) To physically model hydraulic structures and riparian 
remediation strategies under a range of hydraulic conditions representative of a river that have 
the purpose of controlling sediment transport in a watershed.    
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It is expected that the watershed sediment transport flume will be used to investigate multi-
disciplinary research by environmental scientists across the Commonwealth of Kentucky.  
Specific details of the flume include the following.  The flume is designed to study the 
turbulence-sediment interaction in watersheds for a variety of field components such as straight 
rough beds, hillslope soils, tributaries and stream-banks.  The proposed flume will have an 
adjustable cross-section to prototype various river channels. A hydraulic lift will be used to 
change the slope of the flume to study hillslope disaggregation and sediment shearing. A part of 
the flume will be branched to simulate the tributary component. Sediment hopper will be used to 
create sediment suspension to study sediment laden flow over straight rough beds. Sensor nodes 
will be installed to analyze interaction of turbulence upon the incipient motion of fine sediments 
in-stream. Stream bank erosion caused by turbulence will be investigated by making a set-up in 
the flume. 
 
A series of initial experiments will be conducted to gather data that can be useful to further 
analyze the relationship of watershed sediment transport on water quality.  These experiments 
will also be presented and discussed during the oral presentation.  This data will be of immense 
value for creating models to estimate the change in characteristics of watershed over a period of 
time. 
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RIGHT FORK BEAVER CREEK MONITORING PROJECT:  
UNDERGRADUATE RESEARCH EXPERIENCES IN AN APPLIED SETTING 
 
Reagan Weaver, Principal Investigator 
 Environmental Health Sciences Major 
EKU, Moore Bldg. B-18 
Richmond, KY  40475 
859-622-6914 
rcw0701@yahoo.com 
 
Faculty Supervisor: Dr. Alice L. Jones, Director 
Eastern Kentucky Environmental Research Institute 
Eastern Kentucky University 
 
Undergraduate Contributors Include: Reagan Weaver, Lindsay Bonds, Glade Brosi, 
Derick Compton, Jason Hodge, Mary Proffitt, et al.  
 
The Eastern Kentucky Environmental Research Institute is conducting a year-long 
assessment of the Right Fork of Beaver Creek in Floyd and Knott Counties under 
contract with the Kentucky Division of Water. The year-long study began in March 2007 
and consists of one- to two days of monthly water sampling at 33 sites throughout the 
watershed.  Beaver Creek and its tributaries are on the state’s 2006 303(d) List of 
Impaired Waters for not meeting the designated-use standard for primary contact 
recreation (swimming) and/or warm water aquatic habitat for conditions including: 
nutrients, organic enrichment (sewage), pathogens, pH, and sedimentation/siltation. Data 
from this study will help the Kentucky Division of Water develop a “total maximum 
daily load” or TMDL report for the watershed that will incorporate details of the 
impairment(s), watershed characteristics and a general implementation plan to address 
the impairments and improve conditions in the watershed. 
 
To date, 20+ undergraduates from various disciplines including environmental health 
sciences, agriculture, geography, mathematics, anthropology, sociology and biology have 
been trained and employed as field research assistants. We will overview the Institute’s 
efforts to provide a diversity of students with real-world experience in proper scientific 
practices, methods in watershed assessment and evaluation, as well as a genuine 
understanding of the changing ecosystem in the Appalachian area. We will summarize 
the preliminary findings of the project, and highlight the experiences of undergraduate 
participants and how the project has influenced their academic and professional plans. 
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DIFFERING WATER QUALITY CHARACTERISTICS BETWEEN THREE 
REGIONS OF APPALACHIA, USA, AS INDICATORS OF COAL MINING IMPACT 
ON WELL WATER. 
 
Stephanie McSpirit1, Andrew J. Wigginton2*, Shalise Saylor1, Jonathan M. Caddell3, 
Dewayne Sims4 
 
1. Department of Anthropology, Sociology, & Social Work, Eastern Kentucky 
University, Richmond, KY, USA. 
2. Department of Biology, University of Kentucky, Lexington, KY, USA. 
3. Department of Earth Sciences, Eastern Kentucky University, Richmond, KY, USA. 
4. Gateway Area Development District, Morehead, KY, USA. 
*Corresponding author: 675 Rose St, TH Morgan Building, University of Kentucky, 
Lexington, KY 40517, 859-257-5800, ajwigg0@uky.edu  
 
 The effects of coal extraction, especially mountain top coal removal (MTR), and 
the disposal of the wastes generated by mining, especially deep mine injection, on ground 
and surface water have been of increasing concern to residents of Appalachia, USA. 
Previous study has indicated that concerns about water quality are higher than many 
other topics, including occupational injury and terrorism. Concern has recently grown 
about the possible human health and ecological effects of deep mine injection practices 
and “black water” events. In an effort to assess the relative impact of MTR and coal 
waste disposal, water samples were taken from wells in Martin and Pike Counties in 
Kentucky and Mingo County, West Virginia. Martin and Mingo Counties face concerns 
about coal waste injected into deep coal mines and accidental releases from coal slurry 
impoundments. A suite of metals was analyzed using inductively couple plasma optical 
emission spectroscopy and several anions, including sulfate and chloride, were analyzed 
using ion chromatography in each water sample. Some of these metals were chosen for 
their human health effects (e.g. As, Cd, Cr, Pb) while others (e.g. Fe, Mn) and sulfate 
were chosen because they can act as indicators of contamination from acid mine 
drainage. Results indicate that there are several differences between the water qualities 
measured in each county. Iron levels in both Martin and Mingo Counties exceeded U.S. 
EPA standards more than 70% of the time. Sampling locations in both Martin and Pike 
Counties had Pb levels greater than U.S. EPA standards 25%, or more, of the time. All 
three counties had greater than 60% of locations with Mn levels above U.S. EPA 
standards. One Pike County site had extremely poor water with As levels at 1.34 mg/L 
and Pb levels at 0.35mg/L. ANOVA reveals that mean values for chloride are different 
between counties (p<0.05) while values for sulfate are not different (p>0.05). 
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THE USE OF SINGLE INDICATOR TEST KITS AND INTER-METALS 
CORRELATIONS TO ASSESS WATER QUALITY IN COAL PRODUCING AREAS 
OF APPALACHIA, USA 
 
Andrew J. Wigginton1*, Stephanie McSpirit2, Jonathan M. Caddell3, Shalise Saylor2, 
Dewayne Sims4  
 
1. Department of Biology, University of Kentucky, Lexington, 
KY, USA. 
2. Department of Anthropology, Sociology, & Social Work, Eastern Kentucky 
University, 
Richmond, KY, USA. 
3. Department of Earth Sciences, University of Kentucky, Lexington, KY, USA. 
4. Gateway Area Development District, Morehead, KY, USA. 
*Corresponding author: 675 Rose St, TH Morgan Building, University of Kentucky, 
Lexington, KY 40517, 859-257-5800, ajwigg0@uky.edu  
 
 Local communities in Appalachia have become more concerned about water 
quality in recent years. Mountain top coal removal (MTR), coal slurry impoundments, 
and deep mine coal slurry injections are all suspected by local residents of altering 
hydrology and impairing water quality. To provide a tool by which a local community 
might assess its own water quality, including individuals using private wells, at 
reasonable cost, the effectiveness of a sampling plan using single indicator test kits was 
evaluated. Water samples were taken from private wells in Martin and Pike Counties in 
Kentucky and Mingo County, West Virginia. Water samples were taken and analyzed 
using single indicator test kits for As, Cu, Fe, and Mn. These metals were chosen because 
in previous research, it was found that concentrations of some metals correlate with each 
other. This indicated that analysis for certain metals may give clues about the presence of 
other metals. Simultaneously gathered samples were analyzed using inductively couple 
plasma optical emission spectroscopy (ICP-OES) to confirm test kit results. Additionally, 
a suite of 30 metals was analyzed to test for additional inter-metal correlations. 
Correlations between test kit results and ICP-OES analysis were generally significant for 
As, Fe, and Mn, but not for Cu, perhaps because of uncertainly caused by relatively low 
levels of Cu in the well water. Significant correlations between test kits and ICP-OES 
metal values ranged from r= 0.445 to 0.984 (p<0.05). The concentrations of all metals 
except Zn were correlated with two or more other metals. Ag, Ba, K, Li, Sb, Si, Sr, and V 
had seven or more positive correlations each. Boron had nine negative correlations. These 
correlations ranged from r= 0.333 to0.945, or r = -0.346 to -0.975 (p<0.05). There were 
correlations between As, Cu, Fe, and Pb and several other metals, illustrating the 
usefulness of the test kits to indicate the presence of additional metals beyond those 
directly measured. 
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Sediment loss is a major problem in Kentucky watersheds.  Sediment is a pollutant that 
can kill fish and other aquatic life, and other potentially hazardous substances, such as 
fertilizers or pesticides, attach themselves onto the soil particles and eventually end up 
in the stream.  Sediment transport at the watershed scale in the Bluegrass Region of 
Kentucky is dominated by streambank erosion, high in-stream sediment storage, and to 
a lesser degree surface erosion processes.  All these processes can be impacted by 
agricultural, urban, and suburban land-uses as well as hydrologic forcing.  
Understanding sediment transport processes at the watershed scale is a need for 
budgeting and controlling sediment pollution.  Watershed modeling enables 
investigation of the cumulative effect of sediment processes and the parameters 
controlling these processes upon the entire sediment budget for a watershed. 
 
The nature of this work is modeling sediment transport processes, including streambank 
erosion and in-stream storage, at the watershed scale in the South Elkhorn Watershed 
located in the Bluegrass Region of Kentucky.  The objectives of the research include: 
(1) To modify an existing sediment transport watershed model to include improved 
equations for streambank erosion and in-stream storage, (2) To use sediment tracer data 
to calibrate the in-stream processes occurring, and (3) To use the model to investigate 
how land-use and hydrologic forcing scenarios impact sediment processes and the 
cumulative sediment budget. The South Elkhorn Watershed was chosen for this 
research because (i) the in-stream erosion, storage, and deposition processes are 
significant contributors to the sediment load, (ii) it is representative of Kentucky 
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watersheds in the Bluegrass Region, (iii) the watershed is closely accessible to the 
University of Kentucky, (iv) and data has been previously collected in this watershed.   
 
Sediment transport is being modeled using a modified Hydrologic Simulations 
Program-FORTRAN (HSPF). By breaking down a watershed into small sub-basins of 
similar properties and defining the geometry of the tributary that drains each area, an 
estimate of sediment leaving the sub basins is being determined.  Small sub basins of 
similar characteristics allows spatial parameters to be lumped together for the whole of 
the sub basin.  Physically and empirically based equations can then be used on the sub 
basin to estimate sediment loss without the complexity of following the fate of 
individual sediment particles. The total suspended solids at the outlet of the modeled 
watershed are being calibrated with the measured load at the outlet of the South Elkhorn 
watershed, and watershed parameters that are immeasurable, such as the rate of water 
absorption from the uplands, are being adjusted.  
 
In-stream sediment sources are the largest contributors to sediment load, and these 
sources are being modeled in the HSPF model using a new subroutine that reproduces 
the erosion processes from streambanks, slump banks, and streambeds.  The subroutine 
estimates the load from these sources and this subroutine is being calibrated using a 
watershed fingerprinting study that was previously completed on the South Elkhorn 
watershed.  Modeling the in-stream erosion processes in this way isolates specific in-
stream sources that greatly contribute to the sediment yield. 
 
A number of different scenarios can then be run on a properly calibrated model.  Flood 
response, land retirement, and control structures are potential scenarios for modeling 
and estimations of the expected flow and effluent are being obtained.  A sensitivity 
analysis is being run by varying global watershed parameters to discover too which 
properties the South Elkhorn watershed is most sensitive, and to isolate sources of 
sediment albeit from in stream or upland sources.  A proper working model of the South 
Elkhorn watershed will greatly aid in the analysis of the watershed to pinpoint sources 
of sediment, determine worthwhile control techniques, predict future problem with ever 
increasing urban development, and determine to what extent a sediment erosion 
problem already exists.   
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The Dry Creek watershed in Rowan County, Kentucky, has been listed on Kentucky’s 
second priority 303d list as impaired.  Recently, funding was secured from the Kentucky 
Waterways Alliance to develop a watershed-shed based plan for Dry Creek.  During a 30-
day period in the Fall of 2007, the students of Principles of Microbiology at Morehead 
State University engaged in a project to assess eight sites in the Dry Creek watershed for 
fecal coliform (FC), fecal enterococci (FE), and Escherichia coli (Ec) bacterial densities 
by the membrane filtration method.  Additionally, the students assessed selected E. coli 
isolates for antibiotic resistance against a panel of 12 antibiotics (amikacin, amoxicillin 
with clavulanate, amplicillin with sulbactam, cefotaxime, ceftazidime, cephalothin, 
ciprofloxacin, gentamycin, minocycline, piperacillin, tetracycline, and trimethoprim) by 
the Kirby-Bauer method.  FC counts ranged from 0 to 1,600/100 mL across the sampling 
sites during the 30-day sampling period.  Geometric means of FC counts from five 
sampling events per site ranged from 3/100 mL to 52/100 mL, all below the state limit of 
200 FC/100 mL for primary contact recreational waters.  Ec counts ranged from 0 to 
2,260/100 mL across the sampling sites.  Geometric means of Ec counts from five 
sampling events per site ranged from 2/100 mL to 312/100 mL, with only one site 
exceeding the state limit of 130 Ec/100 mL.  FE counts ranged from 0 to 1,170/100 mL 
across the sampling sites.  Geometric means of FE counts from five sampling events per 
site ranged from 19/100 mL to 291/100 mL, with five sites above the federal limit of 33 
FE/100 mL.  FC:FE ratios indicate that the source of fecal contamination  is animal 
(FC:FE < 0.7) or a mix of animal and human (FC:FE = 0.7 – 4.0).  Eighty eight 
watershed bacterial isolates positively identified as E. coli were tested for antibiotic 
resistance.  65.9% of the isolates evaluated exhibited resistance to two or more 
antibiotics.  89.8% of the isolates tested exhibited resistance to cephalothin; 40.9% to 
piperacillin; 30.7% to tetracycline; 23.9% to amoxicillin plus clavulanate; and 21.6% to 
ampicillin plus sulbactam.  These data demonstrate the continued fecal contamination of 
the Dry Creek watershed, and the significant occurrence of antibiotic resistant bacteria.  
In the context of developing a watershed-based plan, these data will be used to further 
define sampling sites in the watershed, begin to determine the host and point sources of 
fecal contamination, and to provide a baseline database for gauging the effectiveness of 
future remediation efforts.  
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This research study presents use of Kohonen neural network for clustering and 
identifying meteorological droughts in a region. Drought analysis is very essential in re-
defining water resources management strategies and agricultural management. 
Periodically, the National Drought Mitigation Center (NDMC) provides the details of 
drought indices to help different state and federal agencies for better preparedness. 
Standardized Precipitation Index (SPI) (McKee et al 1995) and Palmer Drought Severity 
Index (PDSI) are the most popular indices used in the field to define meteorological and 
hydrological droughts. Other indices such as Crop Moisture Index (CMI), Surface Water 
Supply Index (SWSI) and Reclamation Drought Index (RDI) are also very useful in 
defining the characteristics of the prevailing drought. This research study is an attempt to 
use modern techniques in analyzing regional drought. 
 
During spring and summer 2007, Kentucky and several other states faced meteorological 
drought. Daily observations from eleven raingauge stations were considered (Figure 1). 
For the regional analysis, monthly Standard Precipitation Index (SPI) values for all 
stations were derived using SPI software (Figure 2a and 2b). In May 2007, extremely dry 
conditions prevailed in Lexington. SPI data were used as the basis for evaluating the 
performance of a Kohonen Neural Network (KNN) model. KNN are self-organizing 
maps (ASCE 2000a). Popular feed forward artificial neural network models (ANNs) are 
trained by a supervised training approach, whereas KNNs are usually trained by an 
unsupervised approach. They are successfully used as clustering algorithms in several 
research studies. The developed KNN model had 12 neurons in its architecture. The 
model was trained using monthly rainfall data from the 11 stations. During the training 
process, the weight of the neuron with closest Euclidean distance to the considered 
dataset was readjusted by the algorithm based on the input data.  In that way, each dataset 
clustered with one neuron. After training, each neuron could be classified as extreme, 
severe, mild drought or normal conditions. Trained KNNs are very useful to identify 
prevailing regional drought severit and can be very effectively used for different 
managerial models. 
 
References : 
1.  ASCE (2000a). Task Committee on Artificial Neural Networks in Hydrology, Artificial neural 
networks in hydrology. I. Preliminary concepts, Journal of Hydrologic Engineering, ASCE, 5(2), 115-
123. 
2. McKee, T.B.; N.J. Doesken; and J. Kleist. 1995. Drought monitoring with multiple time scales. 
Preprints, 9th Conference on Applied Climatology, pp. 233–236. January 15–20, Dallas, Texas. 
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                              Figure 1. Raingauge Stations located in Kentucky 
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                           Figure 2b.  SPI Index during May 2007 at Different Stations 
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 Impervious surfaces such as roofs and pavement prevent stormwater from soaking 
into the ground.  In developed areas, small tributaries and larger streams often experience 
eroded banks, incised channels, loss of habitat, increased flooding, and cause property 
damage because they are unable to handle the increased water volume and flow.  
Temporarily retaining as much stormwater as possible and letting it soak into the ground 
rather than letting it run off quickly can help manage harmful flows.  Rain gardens are 
one way to reduce stormwater runoff. 
 
 A rain garden is a shallow depression that captures runoff before it enters the 
stormwater system.  It filters pollutants and reduces the amount of runoff by encouraging 
infiltration of water into the soil where it can recharge groundwater.  The increased soil 
moisture and added vegetation can help reduce the Urban Heat Island Effect that can 
cause temperatures to be up to 5 oF warmer in urban settings; attract birds, bees, and 
butterflies; and decrease drainage problems and localized flooding.  Rain gardens are 
typically sized to capture water from a 1 inch rainfall event and allow it to soak into the 
ground within 1-2 days. 
 
 Deep roots of native plants typically help to enhance this process.  Native plant 
species are recommended for rain gardens because of their extensive root systems and 
tolerance to local weather conditions.  Their deep root structures break up the soil and 
help water infiltrate into the ground.  Use of plants that bloom at different times can help 
create a long flowering season.  A mix of heights, shapes, and textures also gives the 
gardens depth and dimension.  Shredded hardwood mulch can help prevent weeds and 
adds nutrients to the rain garden. 
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To facilitate the efficient and timely translation of research to application, the University 
of Kentucky Superfund Basic Research Program Research Translation Core coordinated 
the 2007 Kentucky Research Consortium for Energy and the Environment (KRCEE) 
Scientific and Technical Symposium.  Held October 30-31, this event brought together 
representatives from state and federal government, industry, and academia to discuss 
projects underway at the Paducah Gaseous Diffusion Plant Superfund site in western 
Kentucky.  Sessions covered new technologies, data management issues, seismic 
activities, surface water issues, and groundwater modeling.   
UK-SBRP RT Core Leader Dr. Lindell Ormsbee hosted the event, while UK-SBRP 
project leaders Dr. Dibakar Bhattacharrya and Dr. Sylvia Daunert presented research 
related to chloro-organic degradation and whole cell sensing, respectively.  Their 
audience included representatives of the US Department of Energy, the US 
Environmental Protection Agency, the Kentucky Environmental and Public Protection 
Cabinet, and regional colleges and universities, as well as technology corporations and 
consultants.  
Opportunities were provided for graduate student and post-doctoral participation.  UK-
SBRP supported scholars Scott Lewis and David Meyer assisted Dr. Bhattacharrya with 
his presentation.  Posters also were submitted by a number of UK-SBRP students and 
post-doctoral scholars, including biomedical researchers Elizabeth Oesterling and Xabier 
Arzuaga, chemistry researcher Kendrick Turner, chemical engineering researcher Karthik 
Ventakatachalam, and the Community Outreach Core’s Carolyn Hofe and Megan Finnie. 
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The Georgetown-Scott County Planning Commission, working with CDP Engineers, 
Inc., is conducting a pilot project combining watershed and land use planning that 
encompasses properties within the city limits of Georgetown and land in Scott County.  
This plan was approved by the Kentucky Division of Water – Non-Point Source Section, 
as a Section 319(h) Grant for FFY 2004 and is in its fourth year.  The study area is 
defined as the “Dry Run Watershed Basin” which incorporates approximately 8,000 acres 
(12.5 square miles) and is generally located north of downtown Georgetown.  
Approximately one-third of the proposed study area is located within the current Urban 
Service Boundary (USB) with the potential growth area, per the Comprehensive Plan 
process, to increase to over one-half of the study area within a minimum of ten years.  
The purpose of this study is the development of a proactive land use and watershed plan 
focused on stream protection and water quality.  Some goals of the study are: to mimic 
pre-development hydrology rather than just peak flow rates in future development, to 
attempt small area planning with environmental protection steering the land use planning 
initiative, and to educate local, regional and national groups on what we learn about 
combined watershed and land use planning. 
 
Based on development projections, the Dry Run Basin is identified for future growth and 
urban development within the community.  This area has been identified as a growth 
corridor since the 1991 Comprehensive Plan.  Infrastructure which will support the future 
urban development, including roads, schools and utilities are currently being planned and 
constructed in the lower elevations of the basin.  Once completed, this watershed plan 
would provide a long range plan for development in this area by guiding designers in 
planning for storm water and establishing water quality features (BMP’s) including open 
space, riparian areas, trail linkages, etc.  This plan will also provide the baseline elements 
for an overall drainage study that would be used by the design and development 
community as they propose various developments within the basin area.  
 
The intent of this poster presentation is to demonstrate the progression of work on this 
study to date.  Material will include watershed mapping and delineation, field collection 
of existing conditions and stream classification, existing watershed modeling, how land 
use growth scenarios have been analyzed and selected, and the selection of BMP’s for 
pollutant modeling. 
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